Abstract. The Cu-Zr-Ag system is characterized by a miscibility gap. The liquid separates into Agrich and Cu-Zr rich liquids. Yttrium was added to the Cu-Zr-Ag and Cu-Zr-Ag-Al systems and its influence on liquid immiscibility was studied. This alloying element has been chosen to check the effect of the heat of mixing between silver and the given element. In the case of Ag-Y system it is highly negative (-29 kJ/mol). The liquid becomes immiscible in the Cu-Zr-Ag-Y system. To the effect of Y addition the quaternary liquid decomposed into Ag-Y rich and Cu-Zr rich liquids. The Y addition increased the field of miscibility gap. An amorphous/crystalline composite with 6 mm thickness has been successfully produced by liquid-liquid separation based on preliminary calculation of its composition. The matrix was Cu 38 Zr 48 Al 6 Ag 8 and the crystalline phases were Ag-Y rich separate spherical droplets.
Introduction
Bulk metallic glasses (BMGs) have a great interest due to their distinguished properties, such as high strength, good corrosion resistance, and excellent magnetic properties [1] . The Cu-Zr based bulk metallic glasses have attracted large attention due to lower costs [2] . However, the BMGs still do not exhibit sufficient ductility for industry application. BMGs have no dislocations, and they have low atomic mobility, they deform via localized and inhomogeneous shear banding [3] . Further development is necessary to improve their ductility, which can be achieved in three ways: either by extrinsically adding a second crystalline phase to the amorphous matrix [4] or by intrinsic phase separation [5] or by partial nanocrystallization of the amorphous matrix [6] . It is worth noting that the second phase`s shape, quantity and distribution are also very important parameters affecting mechanical properties. The second phase with sharp edges is a stress concentration site, so it can reduce toughness. On the contrary, a spherical and ductile second phase improves the mechanical properties. Liquid-liquid phase separation meets these requirements because during separation one of the phases forms generally spherical liquid droplets. These droplets become amorphous or crystalline. Such novel amorphous/amorphous [7] or amorphous/crystalline [8] composites have been synthesized extensively in recent years. The aim of the present work is to study the liquid immiscibility in the Cu-Zr-Ag and Cu-Zr-Ag-Al systems [9, 10] . Yttrium (Y) was added to both alloys and its influence was studied on liquid immiscibility. This alloying element has been chosen to check the effect of the heat of mixing between silver and yttrium. The heat of mixing in the Ag-Y system is highly negative [11] . Furthermore the goal is to produce an amorphous/crystalline composite with Cu 36 Zr 48 Al 8 Ag 8 amorphous matrix by liquid-liquid separation due to the addition of Y.
Experimental
The master alloy ingots were prepared by arc-melting from a mixture of pure metals (min. 99.99 m%) under purified argon atmosphere with a Ti-getter. The nominal compositions of the alloys studied in the present work are listed in Table 1 . The ingots were re-melted by induction melting, followed by centrifugal casting into wedge-shaped copper moulds under argon atmosphere. Wedgeshaped samples (30 mm high, 6 mm thick and 6 mm wide) were selected in order to achieve high cooling rate. The samples were examined by a Zeiss EVO MA and by a Hitachi S-4800 scanning electron microscopes (SEM) equipped with EDX energy-dispersive X-ray spectrometers. Backscattered electron micrographs were recorded in order to get information about the composition of the phases. For 2-phase samples the volume fraction was determined by Zeiss Axio Vision Image analyzer using Leica software. The composition of the phase with smaller volume fraction was revealed by EDX analysis. These data were used to calculate the composition of the phase with a larger volume fraction according to the algorithm of [10] extended to 4-component systems with the molar volumes of Ag, Cu taken from [13] and the molar volumes of Zr and Y taken from [14] . The thermal analysis was performed by a Netzsch 204 differential scanning calorimeter (DSC) under Ar atmosphere with a heating rate of 0.67 K/s. The structure of samples was confirmed by Phillips PW 1830 and by Bruker D8 Advance X-ray diffractometers (XRD). The existence of amorphous phase was confirmed by FEI Tecnai G2 TEM transmission electron microscope (TEM). 
Results and discussion

Cu-Zr-Ag-Y system
In the Cu-Zr-Ag system a stable and a metastable liquid-liquid miscibility gaps exist [9, 10] . Cooling the melt beyond a certain limit (T SEP ) results in a liquid-liquid phase separation into two liquids: one is Ag-rich liquid (hereinafter referred to as L 1 ) and the other one is liquid rich in Cu-Zr (hereinafter referred to as L 2 ). The addition of 5 at% Y to L 1 liquid gives Ag-Y rich liquid owing to the highly negative heat of mixing between Ag and Y. Cross-sectional investigation of the master alloy ingots was necessary to characterize the composition and distribution of separate and solidified liquids. Based on the composition of master alloys and separate liquid phases a pseudoternary phase diagram with tie-lines has been drawn (Fig. 1) . The field of liquid miscibility gap is larger than in the Cu-Zr-Ag system (Fig.1. marked as gray line) .
The L 1 spheres contain 64-82 at% Ag, 7-19 at% Y and the rest Cu and Zr measured by EDX in the master alloys. This composition does not change in wedge-shape samples under higher cooling rate. Although the composition of L 1 droplets does not change significantly, the composition of L 2 liquids varies in the range of 21-47 at% Cu, 20-44 at% Zr, 22-38 at% Ag, 1-4 at% Y.
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Solidification and Gravity VI The possible bulk amorphisable alloy compositions can be chosen based on the composition of liquids shown in the pseudo-ternary diagram because the high Ag-content and the low Zr-content decrease the glass forming ability (GFA). Thus, the amorphous matrix can be produced from L 2 liquid due to high cooling rate by copper mould casting. DSC and TEM investigations confirm that an amorphous phase exists in the samples with Ag-content below 50 at%. Fig. 2 presents the crosssection of master alloy and wedge-shaped sample in the case of Cu 28.5 Zr 38 Ag 28.5 Y 5 alloy.
The Ag-Y rich phase appears bright, the Cu-Zr-rich one dark in the back scattered electron images and optical micrograph. In this system Ag has the highest density (10 450 [kg/m 3 ]), therefore it is understandable that a thicker Ag-Y-rich layer is formed at the bottom of the master alloy ingots (Fig. 2a inset) . The smaller volume of L 1 liquid is located in the middle of the ingot. The microstructure is quite different in the wedge-shaped sample (Fig. 2b-c) . In the tip the matrix has an amorphous structure. The TEM image demonstrates nearly spherical silver crystal in the amorphous-nanocrystalline matrix (Fig. 2c.) . The electron diffraction pattern acquired from the matrix shows diffuse rings and discrete reflections (Fig. 2c inset.) , which proves the presence of amorphous and also nanocrystalline parts in the matrix. Significant coalescence can be observed generally in those fields where the matrix is crystalline (namely where the cooling rate was the lowest). The amorphous fraction progressively reduces with increase of the Ag-content (Fig. 2d) . The amorphous phase can be formed only when the thickness of the composite sample is below 1.8 mm. The addition of Al increases the GFA of the Cu-Zr-Ag glassy alloy. The critical diameter of a glassy rod is 25 mm for the Cu 36 Zr 48 Al 8 Ag 8 alloy, which exhibits the best GFA in this alloy system [15] . In this paper, a systematic study of the Ag-Al-Cu-Zr-Y system has been carried out to produce an amorphous/crystalline composite with Cu 36 Zr 48 Al 8 ( )
Where x Ag, x Cu , x Ag(L1), x Cu(L1) are mole fractions of components in phases L and L 1 , respectively, y L1 is the mole fraction of phase L 1 . The fractions of other components are x Zr = 0.48, x Y = 0.01. Finally, the resulting values of mole fractions should be normalized to 1. The composition of master alloy was chosen based on this model approach. (Fig. 3a) . In large L 1 droplets the dark phases of yttrium oxide can be seen. The wedge-shaped sample with 6 mm thickness has an amorphous structure confirmed by XRD and DSC (Fig. 3 b, c, d) (Fig. 3d) , which indicates a little deviation from the desired composition.
Summary
